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Tho present invention it d irecte d to a 
puked eleccrio-4ield system, apparatus sod 
method for the effective dtoinlectiag and dt~ 
tering previousfy-dewaared, biologically 
aedve waste-water stodgeo (ag, municipal 
waite-water stodge) In an efficient manner, so 
as to dramatically reduce (he resulting Yohxrae 
of the inert waste material which has to be dis- 
posed of by the rtuatlcipality. The method em- 
ployed sequentially consuls of hydnulfca&y 
pressurizing (24, 26) the preriotulyde watered 
stodge, pre-beaiing (32) the previously de- 
watered sludge to ■ predetermined tempera- 
ture range, exposing the previously ctewatexed 
stodge to high energy pulsing ele ctrical dh- 
jges (42), pressure separation (52) of the 
resulting solids and liquid fraction, and final 
pressure extrusion (70) of the separated soBds 
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1 

APPARATUS FOR DEWATERING 
PREVIOUSLY-DBWATKRED MUNICIPAL WAflTB- WATER 
SLUDOBS USING HIGH ELECTRICAL VOLTAGE 
BACKGROUND OF THE INVENTION 

The present invention is directed to the discovery that 
the majority of the water contained in municipal waste-water 
sludge treated by the municipal treatment plants is contained 
within and between molecular cells. The water molecules 
contained within the cell, for purposes of this application, 
shall be referred to as "intra-celiular* water molecules, 
while the water molecules between the cells and bound thereat 
via both mechanical and electrical bonding shall be referred 
to as " intercellular " water molecules. It has been the 
discovery that this intra-cellular and intercellular water 
makes up the majority of the water in municipal waste-water 
sludge treated at a municipal treatment plant, which intra- 
cellular and intercellular water is not typically released by 
conventional, municipal dewatering methods which process the 
municipal sludge. 

The present invention, also, relates to a system, 
apparatus and method directed to the safe and effective 
treatment of previously-dewatered, biologically- act ive , 
municipal waste-water sludges, and more, particularly, to a 
pulsed, electric- field apparatus and related method for the 
disinfecting and dewatering of previously-dewatered, 
municipal waste-water sludges in an efficient and effective 
manner at the level of the individual . molecular cells of 
the waste material, so as to substantially reduce the 
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resulting volume and weight of the waste material which has 
to be disposed of by the municipality. 

Presently, for all municipal waste-water sewage 
material, or sludge, treatment of the waste-water sludge by 
the municipality is done in accordance with applicable rules 
and regulations. However, there remains a residual bio-solids 
waste material which contains a significant amount of water 
that has to be eventually disposed of by the municipality in 
an environmentally- safe manner. Prior to disposing of this 
bio-solids waste material, the municipality will attempt to 
dewater this bio-solids waste material to the maximum extent 
possible, in order to reduce its disposal cost and any 
environmental impact. Conventional dewater ing techniques 
that are utilized by the municipal waste-water treatment 
plants are commonly referred to as (i> a "belt filter" type 
press, which is a system of multiple rollers and mesh belts 
through which the bio- sol ids waste material is caused to 
travel between, and which cooperate to squeeze some of the 
water from the bio- solids waste material; or (ii) a 
dedicated, in-line, centrifuge apparatus of some sort, which 
uses centrifugal force to squeeze some of the water from the 
bio-solids waste material; or (iii) a plate and frame filter 
press with hydraulic or mechanical drive, which uses 
mechanical pressure to dewater discrete batches of the bio- 
solids waste material. On a typical day in a typical 
treatment -plant, the bio-solids waste sludge that is treated 
by the municipality will result in a material mixture 
containing greater than 90% water -content, and less than 10% 
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3 

solids- content prior to the dewatering process by the 
municipality. Following the dewatering operation, there is 
nevertheless a relatively high water content remaining in the 
resulting, residual, bio-solids waste material, which 
residual will be concentrated to a mixture containing about 
65% to 80% water-content and about 20%- to 35% solids- 
content at the output-end of the municipality's waste-water 
treatment apparatus. 

An underlying technical problem not addressed nor 
appreciated by conventional dewatering techniques is that 
most of the water remains associated with the biologically- 
active cells which comprise the residual bio-solids waste 
material; a significant amount of the total water remains 
inside the cells of this residual bio- solids waste material. 
That is, water molecules exist on the outside of the cells of 
the bio-solids waste material , and water molecules also exist 
on the inside of the cells of the bio-solids waste material. 
Also, water molecules are bonded between the cells of the 
bio-solids waste material. Therefore, since the individual 
cells of the sludge containing the water are not dewatered 
using conventional dewatering techniques, as the individuals 
cells have not been irreparably ruptured as a result of the 
conventional dewatering techniques currently used, so that 
most of the water in the aggregate within the matrix 
structure of each cell, it would be highly advantageous if 
this previously-dewatered, residual bio-solids waste -material 
sludge could be further dewatered in a continuous and 
extended manner by substantially removing the water located 



PACE 55/62 * RCVD AT 8/20/2004 3:40:17 PM [Eastern Daylight Time] * SVR:U8PTO-EFXRF-1/3 * DNI6: 8720306 * C8ID:Marsha!IGerstetn * DURATION (mm-ss):31-42 



08/20/2004 03:07:28 PMMARSHALL , GERSTE IN&BORUNLLPMarshallGersteinPage 56 



4 

within the cellular matrix, in a commercially available 
process. This new approach to the further dewatering at the 
cellular level of the residual bio-solids waste material 
would result in achieving a subs tantially- reduced volume and 
mass of the residual waste material requiring disposition by 
the municipality at the end of its waste-water treatment 
cycle. Especially when compared to conventional dewatering 
techniques presently utilized by municipalities / the 
reduction in the overall volume and weight associated with 
this residual bio-solids waste material, will result in a 
significant cost-savings to each municipality as a result of 
the expected future costs per ton of disposing substantially 
less residual bio-soiids waste material in an environmentally 
Bafe manner, as proscribed by applicable rules and regula- 
tions . 

After many years of study and public hearings, the EPA 
has recently promulgated EPA 503 regulations that have 
changed the applicable rules with respect to the disposition 
of bio-solids waste material by municipalities. The EPA 503 
regulations address and promote the safe and effective 
disposal of bio-solids waste material by municipalities in 
accordance with the underlying rational and supporting facts 
of defining two different classes of residual bio-solids 
waste material, Class "A" and Class »B W , and of the need to 
have an underlying, regulatory process which adopts a 
different, regulatory approach for each of the two classes of 
residual bio- solids waste material, and, thereafter, closely 
regulating the acceptable avenues of disposal for each of the 
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accordance with existing rules and regulations; (2) 
landf illing; there are now specialized landfills (e.g., Class 
D landfills] that to which the municipality can transport the 
bio-solids waste material for disposal; and (3) land 
application; where the bio-solids material is used as a 
fertilizer and/or soil enhancer. Option (3) , land 
application, is governed by the classification of the 
residual bio-solids material. Class W A" or Class "B*. Prom 
the viewpoint of the municipality, this dual classification 
of bio-solids waste material presents the opportunity to 
utilize new technology to solve the bio- solids waste disposal 
problem as a result of EPA 503 regulations. Of the above 
options, (1) and {2) above are the most expensive, with all 
of the inherent characteristics associated with a very highly 
regulatory environment. Obviously, it would be a great 
advantage if a municipality could end up with a process to 
treat previously dewatered waste material in a manner which 
will safely and effectively convert, at the cellular level. 
Class "B» bio-solid waste material, which is high regulated 
with respect to the disposal thereof by the municipality, 
into a safe Class "A" bio-solids waste material, which the 
municipality can then dispose of in any permissible 
environmentally safe manner, which allows the municipality to 
dispose of the solids waste material in a less costly and 
less regulated manner. Such a novel disinfecting and 
dewatering process would operate at the cellular level of the 
bio-solids waste material to rupture the cell wall in a 
manner non- repairable by the cell structure, thereby 
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two classes of bio- solids waste material* The difference 
between Class "A." bio-solids waste material and Class "B" 
bio-solids waste materials is directed to the active burden 
facing the disposal thereof. Class . "A* bio-solids waste 
material is a biologically- inert, non-active waste material, 
and there are no limitations on the disposition of Class N A" 
bio-solids waste material by the municipality. However, 
Class bio-solids waste material is a biologically- active 

waste material, which may be pathogenic, and, as a result, 
the disposition of Class "B" bio-solids waste material by the 
municipality is accomplished in a regulatory manner that is 
consistent with a highly controlled and regulated commodity 
at appropriate dump sites* 

Prior to the recent promulgation of EPA 503 regulations, 
municipally-treated waste-material, both raw and previously 
dewatered, biologically active, non-sterile, residual bio- 
solids waste, could be disposed of by the local municipality 
by lake, ocean or river dumping; this often resulted in the 
unfortunate result that the various waters used for disposal 
would become wild with algae bloom, and the like, indicating 
severe nutrient enrichment of the water, to the detriment of 
adjacent land owners and downstream water users. Now, EPA 
503 regulations effectively prohibit the disposal of any 
residual bio-solids waste material by municipalities in this 
manner. After the promulgation of EPA 503 regulations, there 
are currently only three approved options that can be used 
for the disposal of bio-solids waste material, namely: (i) 
incineration; the burning of bio-solids waste material in 
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facilitating the internal water and related materials within 
the cell to be squeezed out of the cell structure, so that 
such is no longer actively contained within the cell 
structure by the cell. The resulting material is a safe, 
biologically- inert, solid material. 

Furthermore, if such a novel disinfecting and dewatering 
process could be easily added to existing municipal waste- 
water sewage treatment plants in a manner which would not 
require any redesign of the waste-water treatment process or 
facility, local regulatory approval, and in a manner to 
facilitate a non- disruptive convenient retrofitable add-on 
module without any disruption to the municipality's on-going 
operations with respect to its existing and regulated waste- 
water sewage treatment facility at the very end of existing 
waste-water treatment facilities, such would be a great 
advantage to the industry. 

It is known to kill indigenous microorganism, inoculated 
listeria, yeasts and molds in a pumpable material, such as 
milk, juice, raw eggs, and the like, by exposing the material 
to multiple, short pulses of electrical energy in the range 
of 10-30 KV. range. The electrical field pierces through, 
and, finally, causes the irreparable rupture of the affected 
cells of the microorganisms. By breaking down these cells, 
and preventing their self -repair mechanisms from repairing 
the cell-membrane damage, the food-product is safer, and the 
shelf -life of the product is extended. An example of this 
process in disclosed in U.S. Patent No. 5,048,404. 
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SUMMARY OF THE INVENTION 

Accordingly , a general object of the present invention 
. is to provide for the further dewatering of previausly- 
dewatered, bio-solids, municipal waste-water sludge. 

It is a further object of the present invention to 
provide for the disinfecting of previous ly-dewatered, bio* 
solids municipal waste-water sludge.. 

Another object of the present invention is to provide a 
low cost conversion of Class "B" bio-solids to Class "A" bio- 
solids . 

A still further object of the present invention is to 
provide a densified and pelletized end- product suitable for 
convenient storage and land application without need of 
specialized equipment. 

It is still another object of the present invention to 
provide a method for intercepting previous ly~de watered bio- 
solida, municipal waste-water sludge prior to the disposal 
thereof, without interrupting the process flow of the 
municipal waste-water treatment plant. 

It is still another object of the present invention to 
provide a method for pressurizing the bio- solids municipal 
waste-water sludge to an operating pressure of 1000 to 2000 
pei. 

It is still another object of the present invention to 
provide, in the preferred embodiment, a method for thermally 
conditioning the bio-solids flow to an operating temperature 
of 40° to 60°C. 
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It is still another object of the present invention to 
provide a method for cellular rupture via high voltage D.C. 
pulse at an amplitude of 25,000 to 100,000 volts/CM, or of a 
variable and sufficient duration. 

It is still another object of the present invention to 
provide a method for separation of solids and liquids within 
the bio- solids flow. 

It iB still another object of the present invention to 
provide a method for extrusion of pressurized, thermally 
conditioned, electrically disrupted and separated bio-solids 
flow into pellets of various size geometries. 

It is still another object of the present invention to 
provide a method for collection, metering, and return to 
process of the separated liquid fraction of the bio-solids 
flow. 

It is still another object of the present invention to 
treat animal and plant wastes, besides municial wastesm with 
the method and apparatus of the invention. 

In accordance with an illustrative embodiment of the 
present invention there is provided a pulsed electric- field 
system for the disinfecting and dewatering of biologically- 
active, previously-dewatered, waste-water sludge material, 
comprising in combination: means for pressurizing the waste 
material to a predetermined range of pressurization; means 
for heating the waste material to a predetermined temperature 
range, the heating means operatively coupled to the 
pressurization means; means for converting the biologically- 
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active waste material into inert material, the conversion 
means operatively coupled to the heating means; mean9 for 
filtering the inert waste material in a predetermined manner, 
the filtering means operatively coupled to the converting 
means; and means for discharging the inert waste material in 
a predetermined manner, the discharge means operatively 
coupled to the filtering means, whereby the biologically- 
active waste material is transformed into inert waste 
material and the resulting volume of inert waste material- 
requiring disposition is substantially reduced. 

Briefly, according to one embodiment of the present 
invention, a method is further provided for the disinfecting 
and dewatering of biologically-active previously dewatered 
waste-water sludge material, comprising the steps of: 
pressurizing the waste material to a predetermined range of 
pressurization; if necessary, heating the waste material to a 
predetermined temperature range, the heating step operatively 
coupled to the pressurization step; converting the 
biologically-active waste material into inert material, the 
conversion step operatively coupled to the heating step; 
filtering the inert waste material in a predetermined manner, 
the filtering step operatively coupled to the converting 
step; and discharging the inert waste material in a 
predetermined manner, the discharge step operatively coupled 
to the filtering step, whereby the biologically- active waste 
material is transformed into inert waste material and the 
resulting volume of inert waste material requiring 



PACE 62/92 * RCVD AT 8/20/2004 3:49:17 PM [Eastern Daylight Time] * SVR:UBPT0-EFXRF-1/3 * DNI8:8729306 * CSIDiMarshallCerstetn * DURATION (mm-ss):31«42 



08/20/2004 03:09:54 PMMARSHALL , GERSTEIN&BORUNLLPMarshallGersteinPag© 63 



11 

disposition is substantially reduced. This method is called 
electroporation • 

Other objects, features, and advantages of this 
invention will become apparent from the following detailed 
description of the preferred embodiment of this invention, as 
illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OP THE DRAWINGS 
The foregoing summary, and other objects, features, and 
advantages of the present invention, its organization, 
construction and operation, together with further objects and 
advantages thereof, will be best understood from an 
examination of the following description of the preferred 
embodiment of the invention will be better understood when 
read in connection with the accompanying drawings. For the 
purpose of illustrating the invention, there is shown in the 
drawings am embodiment which is presently preferred, it being 
understood, that the invention is not limited to the specific 
methods and apparatus disclosed. 

Figure 1 is a flow schematic of the process of the 
invention; 

Figure 2A is a proximate -to -scale, general arrangement 
of the system of the invention; 

Figure 2B is an elevational view of the pelletizing- 
heads section of the apparatus of Fig. 2A; 

Figure 2C is a front, elevational view of the 
discharging conduits from the pelletizing-heads section of 
Fig. 2B to a collector; 
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Figure 3 is an elevational cross-sectional view showing 
the general arrangement of the disruptor cell; and 

Figure 4 is an elevational cross -sectional view showing 
the general arrangement of the filtration module. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to the drawings in greater detail, wherein 
like -referenced numerals indicate like elements throughout, 
there is shown in Figs. 1 and 2A the apparatus 10 of the 
invention for dewatering previously- dewatered municipal 
waster water sludge, or for treating animal and/or plant 
waste. The apparatus 10 of the invention is added on to the 
outlet of a conventional municipal waste-water treatment 
plant for dewatering bio-eolids sludge. Thus, the apparatus 
10 is a secondary, or tertiary, system for the further 
dewatering of previous ly-dewatered sludge that has been 
dewatered by a primary system. It is, of course, possible to 
use the apparatus 10 alone, so that it serves as the only 
dewatering system; however, owing to financial restraints, it 
is envisioned that the apparatus 10 will serve to further 
dewater previously -dewatered sludge. 

A conventional municipal waste-water treatment plant 
typically comprises belt filter presses, centrifuges, plate 
and frame, or other, conventional dewatering technologies 
that discharge the sludge -material via conveyor to a storage 
bin, hopper, container or truck body for intermediate 
retention prior to transit for off -site disposal. Such a 
conveyer is indicated by reference numeral 11 in Fig. 1 # and 
it constitutes the outlet, or end-point, at which the 
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conventional dewatering technique terminates, and the 
apparatus 10 of the present invention begins to function. 
According to the invention, instead of the output of the 
conveyer 11 being fed to a truck, or the like, for off-site 
disposal, it is instead directed to the inlet of the 
apparatus 10 of the invention by means of a variety of 
standard, material -handling equipment and methods that 
discharge the output from the conveyer 11 into the input of 
the apparatus 10 of the present invention. 

The input of the apparatus of the invention is a 
conically-shaped hopper 12 with spiral feed 14. This 
conically-shaped hopper with spiral feed 12 will uniformly 
charge, or load, the previously-dewatered, bio-solids waste- 
water sludge exiting the conventional dewatering apparatus 
via conveyer 11 into a double-screw auger feed-eectioa 16 
having a hydraulically driven, self-priming positive 
displacement pump 18, such as Abel Pumps Corporation's Model 
"SH» with cone valves, whereby the thick- consistency sludge 
is pressurized. This pressurized environment is important in 
order to create the driving force to the filter at the end of 
the process {discussed hereinbelow) , and, also, so that the 
sludge may be heated without causing the generation of stream, 
which, if produced, would be detrimental to proper disposal. 
The double-screw auger feed-section 16 can also be utilized 
to introduce various alkaline or acidic chemicals to enhance 
the electroporation effect of the disruptor cell, discussed 
hereinbelow, or to modify the PH of the bio-solids to conform 
to the intended land use application, or to enhance the 
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dewatering effect of the filtration module. The previously- 
dewatered, bio-solids, waste-water sludge is alternately 
drawn through one of two suction valves, and then into one of 
two pump cavities 20, 22, and pumped through one or two 
discharge valves into a common discharge port 23. The pump 
pistons 24 , 26 are driven by hydraulic cylinders 24', 26' via 
piston rods 24 », 26 M . The hydraulic cylinders are powered by 
a conventional hydraulic power-package 28. In the preferred 
embodiment, the common discharge port 23 is connected via 
piping 30 to the inlet of a helical heat exchanger 32, such 
as that manufactured by Graham Manufacturing Company, Model 
"Helixf low" . The heating source 34 to the exchanger is 
preferable low pressure steam. The exiting bio-solids sludge 
temperature iB controlled via a standard thermostatic steam 
valve -control to a range of between 40 degrees C« and 60 
degrees C. Temperatures below 40 degrees C. tend to depress 
the electroporation effect of the disruptor cell, while 
temperatures above 60 degrees C> tend to "scale" certain 
types of bio-solids to the interior of the walls of the heat 
exchanger. The electroporation effect is not noticeably 
enhanced at temperatures above 40 degrees C. In those cases 
where the bio-solids sludge is of such a consistency that it 
readily and easily flows without having to raise its 
temperaure, then the step of heating the bio-solids sludge, 
and the equipment described above for heating it, may be 
dispensed with. The heat exchanger, also, incorporates a 
vent to collect various off-gaeses resulting from the heating 
process, in a conventional manner. The off-gasses are 
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preferably collected via a vacuum pump for subsequent, 
ambient discharge or treatment as dictated by the content of 
the off-gasses. The main purpose of venting is that the 
electroporation performance can be enhanced by eliminating as 
much air as possible from the sludge material, and so that, 
as the material is heated in the heat exchanger, there will 
not be included vapors created. 

From the heat exchanger 32, the thermally conditioned 
bio-solids continue under pressure through interconnecting 
piping 40 to the disrupter cell 42, best seen in Pig. 2A and 
3. The disruptor cell 42 consists of an electrically- 
grounded, cylindrically- shaped, outer metallic shell or 
annular pipe 44, with an internal, electrically-insulated, 
high voltage electrode 46. The electrode design is such as 
to provide laminar flow characteristics over its leading 
surface into an approximate 3/8" (1 cm) annulus between it 
and the annular pipe 44, to thereby create a uniform 
disruption zone. The high voltage electrode 4fi is preferably 
generated, or pulsed, in a uni -polar or bi -polar mode, and at 
an anplitude of 25,000 to 100,000 volts per centimeter, at a 
frequency of 3 to 5 hertz, althought other frequencies may be 
employed, and for a duration dependent upon the 
characteristics of the bio- solids material being treated. 
Thus, the laminar- flowing sludge is subject to what may be 
called an "electro -baric" field, which is an electric field 
exposed to constant-pressure flowing media. A conventional, 
solid-state pulse generator 48 having a capacitive discharge 
circuit receives power from a power supply 50. Power 
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switching is accomplished via a spark gap r "Thiotron*, or 
solid state switch. The pulse control unit, the power supply 
and switching sub- system are standard commercially available 
items regularly used in the electric power, laser, and bio- 
technology industries. 

The controlling principle at work within the disruptor 
cell is electroporation. During the electroporation process, 
sufficient voltage potential develops along the - molecular ■ 
cell wall to result in an imbalance of forces, which causes 
the rupture of the molecular cell wall. Upon rupture, the 
cell undergoes "lysis", which is the loss of intra cellular 
fluids and materials. As lysis continues, the cell dies, and 
its liquid content is released, which liquid content is 
mostly water molecules. In addition, high voltage discharges 
releases or breaks inter, cellular water mechanical/electrical 
bonds. After this disruption occurs, the bio-solids 
material becomes sufficiently biologically inert to meet 
Class "A" EPA 503 standards, and, is suitable for extended 
dewatering . 

The disruptor cell 42 is directly . connected to, and 
longitudinally axially in-line with, a filtration module 52 
consisting of two electrically charged metal filtration 
membranes 52', 52", and which is best seen in Figs. 2A and 4. 
The outer, filtering membrane 52' is a concentric cylinder, 
or porous metal pipe, while the inner, filtering membrane 
52" is an expanding, frustoconical- shaped metal member, such 
that the annular region between the inner and outer filtering 
elements gradually and continually narrows or tapers along 
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the length of flow in the filtration module. This geometry 
between the two filtering elements creates a continual 
decreasing cross -sectional area along the length of the 
filtration module- The concentric filtration surfaces 
conserve overall space while optimizing a characteristic of 
bio- solids under pressure, which characteristic is the 
migration and adherence of liquids to a contact surface, 
whereby the liquid water is separated from the solid content 
of the waste. The metal filter membranes that may be used are 
those manufactured by the Porous Metal Components division of 
Newmet Krebsoge, Deerfield, Illinois. 

The use of low voltages for aiding in filtration is a 
well-known method of separating out particles from water, and 
is also utilized on the filtration surfaces of the filters 
52 52* , and produced via low- voltage supply 61. The 
filtration cell is operated at a pressure of between 1000 to 
1500 psi, depending upon the desired level of additional 
dewatering, and the clarity of the liquid filtrate. The 
liquid filtrate is collected from the tapering inner metal 
membrane filter 52" and the parallel outer metal, membrane 
filter 52' via a liquid- collection assembly 60, which 
consists of an external drain pan 62 and an internal drain 64 
combining to a common drain to a liquid metering unit 66. 
The liquid metering unit is conventional instrumentation , and 
is used to monitor system performance. The liquid meter 
discharges to the return piping 68 of the apparatus. The 
tapering or narrowing annular region between the two 
membranes causes a constant pressure on the sludge as it 
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flows. The operating pressures within the annular region 
between the two metal membranes will be between 1000 - 1500 
psi, which causes any remaining water in the sludge to be 
« squeezed out". 

The disinfected and twice -dewatered bio-solids material 
exits the filtration module through a pelletizing head 70 
with a rotating cutter assembly 72, as best seen in Figs. 2A 
and 4, and then conveyed in a collector- conveyer 73 for 
subsequent disposal. The bio-solid material is biologically 
inert, since, whereas a normal healthy bacteria or virus has 
DMA which is reproducible, once the DNA mechanism for the 
bacteria or viruB is broken, as occurs in the present 
invention, the resulting biological material is inert 
thereafter* The pelletizing head consists of a plurality of 
circular plates each having a circular array of holes 
coincident with the annular, exit-flow channel of the 
filtration module. The rotating cutter assembly shears the 
extruded bio-solids into pellets which drop onto the solids- 
collection conveyor which transfer the disinfected, twice- 
dewatered, volume/mass reduced bio-solids to the existing 
storage bin, hopper, container, or truck body for 
intermediate retention prior to transit for off-site 
disposal. 

Almost all cells in the sludge are greater than 1/2 
micron in size, and the majority of are greater than 1 micron 
in size, and some are as great as 3 to 5 micron range. 
Preferably, each of the metal filter membranes 56', 56" will 
typically be a 10-micron mesh. 
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The metal membranes 56', 56" will have to be cleaned 
periodically. To do this, scrapers would be provided. 
Alternatively, back-pulsing the metal membranes with steam 
may be used. 

It is also noted that the discovery of the present 
invention - which is, that the majority of the water 
contained in municipal waste sludge is intra- cellular - may 
be carried out using other techniques for irreparably 
rupturing the cell membranes. For example, ultrasonic waves 
may be employed. 

The aspects of the present invention which are believed 
to be novel are set forth with particularity in the appended 
claims. While a specific embodiment of a novel pulsed 
electro-baric system, associated apparatus, and related 
method, for the disinfecting and dewatering of previously 
dewatered municipal residual waste-water sludge material has 
been described for the purpose of illustrating the manner in 
which the invention may be used and made, it should be 
understood that although the invention has been described by 
reference to particular embodiments thereof, many changes and 
modifications of the invention may become apparent to those 
skilled in the art without departing from the spirit and 
scope of the invention. All such modifications and changes 
as may reasonably and properly be included within the scope 
of our invention are intended to be included herein. 
Therefore, this invention should not be limited in scope to 
the particular embodiments shown and described herein r but 
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only by the true spirit and scope of the basic underlying 
principles disclosed in the claims that follow. 
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CLAIM Z. A method of de watering municipal waste sludge or 
plant and animal waste sludge containing intra-cellular water 
molecules contained in molecular cellular units of the waste 
sludge, or plant and animal waste sludge, comprising: 

(a) pumping the waste sludge into a dewatering 
apparatus; 

(b) destroying in the dewatering apparatus at least most 
of the individual cellular units of the waste sludge in order 
to release the intra-cellular water molecules contained 
therein; and 

(c> separating the resulting released water content from 
the resulting solid content for subsequent collection; 

said step (b) comprising irreparably rupturing the 
membrane of each of at least the majority of molecular 
cellular units of the waste sludge in order to release the 
intra-cellular water molecules contained therein by 
electroporating each membrane; 

said step of electroporating comprising passing the 
waste sludge through an electric field having a voltage of at 
least 25,000 volts per centimeter. 

CLAIM 2. The method of dewatering waste sludge containing 
intra-cellular water molecules according to claim 1, further 
comprising: 

(d) before said step (a) , initially dewatering the waste 
sludge; said step (b) being performed on previously-dewatered 
waste sludge. 
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claim 3- The method of dewatering waste sludge containing 
intra- cellular water molecules according to claim 1, wherein 
said step (b) is performed on previous ly-dewate red waste 
sludge. 

CXA1H 4. The method of dewatering waste sludge containing 
intra- cellular water molecules according to claim 1, wherein 
said step (c) comprises pressurizing the mixture of released 
water and solid content in order to force the migration and 
adherence of the released water to a contact surface, whereby 
the liquid water is separated from the solid content of the 
waste sludge* 

CliAJH 5* The method of dewatering waste sludge containing 
intra-cellular water molecules according to claim 1, wherein 
said step of separating comprises passing the mixture of 
released water and solid content between an inner porous pipe 
and an outer porous pipe. 

CLAIM 6, The method of dewatering waste sludge containing 
intra-cellular water molecules according to claim 1/ wherein 
said step (b) comprises: 

pumping the waste sludge against a spherical closed end 
of an inner pipe, and causing the waste sludge to assume 
laminar flow into an annular region between the inner pipe 
and an outer, concentric pipe; and 
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exposing the laminar- flowing waste sludge to an 
electroporating means. 

CLRJH 7. The method of dewatering waste sludge containing 
intra-cellular water molecules according to claim 6, wherein 
said step (O comprises directing the flow of electroporated 
mixture between another, tapering annular volume. 

CLAlX 8 . A method dewatering waste sludge that contains 
intra-cellular water molecules contained in cellular units of 
the waste sludge, comprising: 

(a) directing the flow of the waste sludge longi- 
tudinally, axially against a closed end of an inner pipe; 

(b) thereafter, causing the waste sludge to flow through 
an annular flow volume between the inner pipe and an outer 
pipe that is concentrically-mounted about the inner pipe; and 

(c) irreparably rupturing the membranes of the cellular 
units of the waste sludge by passing said sludge through an 
electric field having a voltage of at least 25,000 volte per 
centimeter. 

CLAIM 9 . A method of dewatering waste sludge containing 
intra-cellular water molecules contained in molecular 
cellular units of the waste sludge water, comprising: 

(a) pumping waste sludge into a dewatering apparatus; 

(b) destroying in the dewatering apparatus at least most 
of the individual cellular units of the waste sludge in 
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order to release the intra-cellular water molecules contained 
therein; and 

<c) separating the resulting released water content from 
"the resulting solid content for subsequent collection ; 

said step <b> comprising irreparably rupturing the 
membrane of each of at least the majority of molecular 
cellular units of the waste sludge in order to release the 
intra-cellular water molecules contained therein by 
electroporating each membrane with an electric field having a 
voltage of at least 25,000 volts per centimeter j 

said step (b) comprising pumping the waste sludge 
against a spherical closed end of an inner pipe at which said 
step of electroporating each membrane is carried out; and 

directing the electroporated waste sludge through an 
annular volume between the inner pipe and a concentrically- 
mounted outer pipe for subsequent separation of the water 
content of the waste sludge from its solid content. 

CIAIM 10- A method of dewatering waste sludge containing 
intra-cellular water molecules contained in molecular 
cellular units of the waste sludge water, comprising: 

(a) pumping waste sludge into a dewatering apparatus; 

(b) destroying in the dewatering apparatus at least most 
of the individual cellular units of the waste sludge in 
order to release the intra-cellular water molecules contained 
therein; and 

(c) separating the resulting released water content from 
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the resulting solid content for subsequent collection; 

said step (b> comprising irreparably rupturing the 
membrane of each of at least the majority of molecular 
cellular units of the waste sludge in order to release the 
intra-cellular water molecules contained therein by 
electroporating each membrane; 

said step of electroporating comprising generating a 
pulsed, high- voltage electric field of at least 25,000 volts 
per centimeter; and 

before said step (b) , heating the waste sludge. 

CTiftTM 11. A pulsed electro-baric system for the 

disinfecting and dewatering of previously dewatered 
biologically-active waste-water sludge material, said waste 
material having a plurality of individual cells of waste 
material associated therewith, each of said cells having a 
surface area associated therewith, said system having control 
means associated therewith, comprising, in combination: 

pumping means for pumping said waste material ; 

heating means for heating said waste material to a 
predetermined temperature range; 

conversion means for converting said biologically-active 
waste material into inert material, said conversion means 
having means to irreparably rupture at least said surface of 
said cells of waste material, said conversion means having 
control means associated therewith, said conversion means 
operatively coupled to said heating means; 
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filtering means for filtering said inert waste material 
in a predetermined manner, said filtering means operatively 
coupled to said conversion means; and 

means for discharging said inert waste material in a 
predetermined manner, said discharge means operatively 
coupled to said filtering means; 

whereby, the biologically- active waste material is 
transformed into inert waste material and the 
resulting volume of inert waste material requiring 
disposition is substantially reduced. 

CLAIM 12. The system according to claim 11, wherein said 
heating means comprises heat exchanger means having a 
predetermined capacity. 

CLAI M 13. The system according to claim 11, wherein said 
conversion means comprises a pulsed high-voltage electro- 
baric electroporation means having a predetermined capacity. 

CLAIM 14. The system according to claim 11, wherein said 
filtering means comprises an in-line, metal membrane means 
having a predetermined membrane size and a corresponding 
predetermined capacity. 

CLAIM IS. An apparatus for dewatering waste sludge 
containing intra-cellular water molecules contained in 
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molecular cellular units of the waate sludge water, 
comprising: 

pumping and conduit means for pumping waste sludge into 
and through the dewatering apparatus; 

a dewatering chamber where at least most of the 
individual cellular units of the waste sludge are destroyed 
in order to release the intra- cellular water molecules 
contained therein; and 

separating means for separating the resulting released 
water content from the resulting solid content for subsequent 
collection; 

said dewatering chamber comprising means for irreparably 
rupturing the membrane of each of at least the majority of 
molecular cellular unite of the waste sludge in order to 
release the intra-cellular water molecules contained therein. 

ClAtH 16. The apparatus for dewatering waste sludge 
containing intra-cellular water molecules contained in 
molecular cellular units of the waste sludge water according 
to claim 15 , further comprising initial dewatering means 
which initially dewaters the water sludge operatively coupled 
to said pumping means and said dewatering chamber, so that 
said pumping means pumps previously-dewatered sludge to said 
dewatering chamber. 

CLAIM 17. The apparatus for dewatering waste sludge 
containing intra-cellular water molecules contained in 
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molecular cellular units of the waste sludge water according 
to claim 15, wherein said dewatering chamber comprises: 

an inner pipe having a closed, entry-end, said pumping 
and conduit means delivering the sludge against said closed 
end o£ said inner pipe; and an outer, concentric pipe about 
said inner pipe, said inner and outer pipes defining an 
annular flow-region through which the sludge flows after 
being diverted by said closed end; and electroporating means 
for irreparably rupturing the membranes of the cellular 
units. 

diAXM 18. The apparatus for dewatering waste sludge 
containing intra -cellular water molecules contained in 
molecular cellular units of the waste sludge water according 
to claim 17, wherein said closed entry-end of said inner pipe 
is approximately spherical in shape, so that the sludge 
assume laminar flow in said dewatering chamber. 

rTrftTM 19 . The apparatus for dewatering waste sludge 
containing intra-cellular water molecules contained in 
molecular cellular units of the waste sludge water according 
to claim 17, wherein electroporating means comprises a 
pulsed, high-voltage electric field of between 25,000 to 
100,000 volts per centimeter, at a frequency of between 3 to 
5 hertz, said spherical closed entry-end of said inner pipe 
being an electrode for said electro-baric field. 
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CLAIM 20. The apparatus for dewatering waste sludge 
containing intra -cellular water molecules contained in 
molecular cellular units of the waste sludge water according 
to claim 17, wherein said separating means comprises an 
interior, porous, filtering pipe fluidly connected to the 
outlet of said inner pipe of said dewatering chamber, and an 
exterior, porous, filtering pipe concentrically mounted 
about said interior, porous, filtering pipe; one of said 
interior and exterior porous, filtering pipes being tapered 
in order to define a tapering annular region between said 
interior and exterior porous, filtering pipes, whereby said 
dewatered sludge is pressurized in said tapering annular 
region in order to cause separation between the water and 
solid contents of the dewatered sludge. 

CLAIM 21- The apparatus for dewatering waste sludge 
containing intra- cellular water, molecules contained in 
molecular cellular unite of the waste sludge water according 
to claim 20, wherein said separating means further comprises 
extruding means for extruding the solid content of the 
dewatered sludge for subsequent collection and disposal; said 
extruding means being located at the outlet of the tapering 
annular region between said interior and exterior porous, 
filtering pipes. 

CLAIM 22. in a sludge- treatment plant which dewaters sludge, 
which sludge contains intra-cellular water molecules 



81/92 • RCVD AT 8/20/2004 3:48:17 PM [Eastern Daylight Time] • 8VR:UBPTO-EFXRF-1/3 * DNIS:8729306 * CSID:MarshaHCerstein * DURATION (mm-ss):: 



08/20/2004 03:15:57 PMMARSHALL , GERSTEIN&BORUNLLPMarshallGersteinPage 82 



30 

contained in molecular cellular units 

of the waste sludge water, the improvement comprising: 

an additional dewatering apparatus for further 
dewatering the previously-dewatered waste sludge, said 
additional dewatering apparatus , comprising: 

pumping and conduit means for pumping the previously- 
dewatered waste sludge into and through said additional 
dewatering apparatus; 

a dewatering chamber where at least most of the - 
individual cellular units of the waste sludge are destroyed 
in order to release the intra- cellular water molecules 
contained therein; and 

separating means for separating the resulting released 
water content from the resulting solid content for subsequent 
collection; 

said dewatering chamber comprising means for irreparably 
rupturing the membrane of each of at least the majority of 
molecular cellular units of the previously-dewatered waste 
sludge, in order to release the intra-cellular water 
molecules contained therein. 

CLAIM 23. The apparatus according to claim 22, wherein said 
dewatering chamber comprises: 

an inner pipe having a closed, entry-end, said pumping 
and conduit means delivering the previously-dewatered sludge 
against said closed end of said inner pipe; an outer, 
concentric pipe about said inner pipe, said inner and outer 
pipes defining an annular flow- region through which the 
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previouely-dewatered sludge flows after being diverted by 
said closed end; and electroporating means for irreparably 
rupturing the membranes of the cellular units. 

CLAIM 24. The apparatus according to claim 23, wherein said 
closed entry-end of said inner pipe is approximately 
spherical in shape, so that the previously-dewatered sludge 
assumes laminar flow in said dewatering chamber. 

CUUM 25. The apparatus according to claim 23, wherein 
electroporating means comprises a pulBed, high- voltage 
electric field of between 25,000 to 100,000 volts per 
centimeter, said closed entry-end of said inner pipe being an 
electrode for said electric field, 

CLAIM 26. The apparatus according to claim 23, wherein said 
separating means comprises an interior, porous, filtering 
pipe f luidly connected to the outlet of said inner pipe of 
said dewatering chamber, and an exterior, porous, filtering 
pipe concentrically mounted about said interior, porous, 
filtering pipe; one of said interior and exterior porous, 
filtering pipes being tapered in order to define a tapering 
annular region between said interior and exterior porous, 
filtering pipes , whereby said electroporated dewatered 
sludge is pressurized in said tapering annular region in 
order to cause separation between the water and solid 
contents of the electroporated dewatered sludge. 
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CLAIM 27 • The apparatus according to claim 26, wherein said 
separating means further comprises extruding means for 
extruding the solid content of the dewatered sludge for 
subsequent collection and disposal; said extruding means 
being located at the outlet of the tapering annular region 
between said interior and exterior porous, filtering pipes. 

CLAIM 28. A dewatering chamber for a dewatering apparatus for 
dewatering waete sludge that contains intra-cellular water 
molecules contained in molecular cellular units of the waste 
sludge, comprising: 

an inner pipe having a closed, entry-end against which 
the sludge to be dewatered flows; 

an outer, concentric pipe about said inner pipe, said 
inner and outer pipes defining an annular flow- region through 
which the sludge flows after being diverted by said closed 
entry-end; and 

elect roporating means for irreparably rupturing the 
membranes of the cellular units. 

f+TT*™ 29 • The apparatus according to claim 28, wherein said 
closed entry-end of said inner pipe is approximately 
spherical in shape, so that the sludge assumes laminar flow 
in said dewatering chamber, 

CIAIM 30. The apparatus according to claim 28, wherein said 
elect roporating means comprises a pulsed, high- voltage 



PACE 84/92 



• RCVD AT 8/20/2004 3:49:17 PM [Eastern Daylight Time] ■ SVR:UBPTO-EFXRF-1/3 ■ DNIS:8729306 - C6ID:MarshaHCerstefn • DURATION (mm-ss):^ 



08/20/2004 03:16:54 PMMARSHALL , GERSTEIN&BORUNLLPMarshallGersteinPage 85 



33 

electric field of between 25,000 to 100,000 volts per 
centimeter, at a frequency of between 3 to 5 hert2, said 
closed entry-end of said inner pipe being an electrode for 
said electro-baric field. 
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